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FOREWORD

The research described in this report, Biotechnology Laboratory

Progress Report, by the Laboratory Staff, was carried out under the

technical direction of John Lyman and is part of the continuing pro-

gram in Arm Prosthesis Research, Observer Practice, Human Thermal

Studies, and Human Tracking.

The Biotechnology Laboratory is part of the Department of Engi-

neering of the University of California, Los Angeles; Dean L.M.K.

Boelter is Chairman of the Department of Engineering and Professor

J. M. English acts as his representative for research activities.

J. N. English
Vice Chairman - Research

UNIVERSITY OF CALIFORNIA
DEPARTMENT OF ENGINEERING

LOS ANGELES 24. CALIFORNIA
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I. FUNDAMENTAL STUDIES TO ESTABLISH BODY CONTROL SITES
FOR APPLICATION TO EXTERNALLY POWERED PROSTHESES

Sponsor: U. S. Veterans Administration

A. Electromyographic Studies

1. Equipment Modifications and Developments

a. Binary Myoelectric Feedback

Utilization of visual or tactile feedback as training aid for the voluntary

elicitation of specific myoelectric activity patterns has been discussed in

previous progress reports. In accordance with earlier findings as to

" natural" signal-to-noise ratios, it was decided to initially supply this feed-

back on a binary basis, i. e., the subject is to be informed simply whether

a muscle is active or inactive. For any particular muscle site, the Active/

Inactive threshold is a level chosen by the experimenter; thus by proper

assignment of these levels it should be possible to force the subject -- if he

succeeds in achieving the assigned pattern -- to demonstrate a given set of

signal-to-noise ratios. Starting with relatively low ratios, the experimen-

tator can gradually train the subject to perform better.

The feedback equipment must have the following properties in order to

permit this mode of experimentation:

1. The feedback channels must be individually controllable.

2. The threshold level control must be readily available.

3. The binary signal must be unambiguous, and must respond rapidly

to changes in myoelectric activity.

A myoelectric discriminator circuit having these properties has been

adapted to the laboratory's analog computer, thus providing both flexibility

in use and the potential of readily adding additional channels. One discrimi-

nation channel is shown in Figure 1.

The myoelectric signal is first subjected to the smoothing transformation

described in other reports, and then compared with a reference voltage level T
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FIGURE 1
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at the grid of an operational amplifier. When the smoothed signal exceeds

T volts, the grid goes positive, hence the output is driven negative, the

diode in the upper path conducts and the output voltage is clamped at E volts.

For myoelectric signals below T volts, the lower diode conducts, starting

the amplifier, and keeping its output at zero. The amplifier output is

exactly suited to drive the base of a PNP transistor which activates the

coil of a relay when the muscle under consideration is nominally " active".

Any binary feedback device may be attached to the relay contacts. The

threshold level is readily available through a potentiometer setting; the

amplifier output voltage is effectively independent of the amount the signal

exceeds threshold; thus the turn-on condition for the transistor is stable.

Millisec relays assure a reaction time short enough so that no lag is noted.

Preliminary results of the muscle isolation study (Section 2b) indicate

that sensory feedback is as important as was postulated; thus it appears

that even a binary feedback device should greatly enhance training.

b. Elimination of EKG Signal

Because of the relatively high amplitude EKG signal superimposed on

the myoelectric signal at most chest and back sites, usefulness of these

sites for prosthesis control is questionable. In particular, the pectoralis

signals are effectively masked when standard transformations, as for

example, rectification and smoothing, and repetitive integrations are ap-

plied. Current evidence suggests, however, that pectoralis contractions

can be readily isolated by training and, if the EKG interference were elimi-

nated, would yield a good signal-to-noise ratio. Hence an intensified effort

to discover a means for elimination of EKG interference has been initiated.

Simple filtering of the EKG signal will not provide the desired re-

sults, since the frequency band of the EKG signal overlaps much of the EMG

signal's band, and information as well as noise would be eliminated. The

most fruitful approach appears to be use of the EKG signal to eliminate it-

self. This might be accomplished in two ways:
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(1) Obtain a clear EKG signal at a point near the heart; invert it, and

sum with the signal obtained at the muscle site: EKG activity will

cancel, leaving only EMG signal.

(2) Obtain a clear EKG signal at a point near the heart; use it as a

gate control to block all signals from a muscle site, thus elimi-

nating both EKG and EMG for a short period.

Of the two possibilities, the second seems the better approach. Cancellation

by inversion can be expected to be less satisfactory than complete blocking

due to such factors as EKG propagation time and attenuation in the body. If

the site EKG signal is not exactly cancelled, the inverted control spikes be-

come a new noise source. A proposed gating scheme is shown schematically

in Figure 2.

SHAPING .

& DELAY

PROPOSED EKG ELIMINATION

FIGURE 2
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The control signal is preferably obtained from a body location which is rela-

tively free of muscular activity yet is closer to the heart than any postulated

control sites. The middle back, the sternum, and the regions directly over

the clavicles would be potentially good control sites. As the gate is assumed

closed during the entire presence of the control EKG pulse, the trailing edge

of this pulse might be suitably delayed to allow for propagation time to the

muscle site.

The resultant myoelectric signal would have gaps occurring at a

frequency equal to the heart rate. The relation of untransformed to trans-

formed signal is illustrated in Figure 3.

RAW SIGNAL

RECTIFIED

RECTIFIED
AND

GATED

POSTULATED MUSCLE-SITE SIGNALS

FIGURE 3
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During periods of inactivity, these gaps would, of course, have no effect.

When myoelectric control is desired, they could contribute considerable de-

lay at initiation and periodic halts during operation. It is not yet certain how

wide the gaps will have to be made. If they are relatively narrow, subsequent

capacitive smoothing may minimize their adverse effects; if they are wide, a

control "memory" may be provided to bridge the periods of inactivity.

No fundamental difficulties are expected in the implementation of such

a gating circuit. The primary investigative variables will be optimum place-

ment of the control electrodes, minimum gap possible, and the probable sub-

sequent effects of the gaps on control. Study of this transformation is planned

for the next quarter.

c. New Developments

Two potentially useful developments are a transistorized, sensitive

relay and a sensitive meter relay, both to be available in a few weeks. These

assemblies are claimed by their developers to provide power gains ranging
6 9from 10 to 10 , requiring inputs ranging from 50 to 500 manowatts to control

outputs as great as one kilowatt. Their response times are short enough to

permit use in a pulsed servo-system providing proportional control, and

special assemblies may be obtained for direct coupling to myoelectric signals.

2. Functional Dissociation of Muscle Activity

a. Critical Evaluation of Training Techniques

Cooperation of Dr. Walters of the UCLA Medical School enabled us

to repeat in his laboratory the experiments of " sensory stimulation" to elicit

muscle contraction.

The area of the C-6 dermatome was brushed at the rate of about 5 strokes

per-second and biceps activity was recorded with coaxial needle electrodes.

Artifacts similar to those obtained in our own laboratory became apparent

again and an evaluation of the new records as to the cause of these " activity

patterns" is in progress. However, it was possible to establish beyond
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reasonable doubt that the recorded activity did not correspond to neural

activity of the muscle.

Since none of the subjects ever became consciously aware of the ex-

pected muscle contraction, we feel that this method will be unsuitable as a

training technique.

b. Studies of Voluntary Muscular Control

Studies of muscle activity in athletes who possess voluntary control

over selected muscle groups are nearly completed. On seven out of twelve

subjects continuous photographic and EMG recordings have been obtained.

A summary of the observations to date is illustrated in Figure 4.

A 5 x 5 cm grid has been stamped on the muscle and motion pictures

have been taken at the rate of 16 frames per second during contraction. The

method is illustrated in Figure 5.

Although the records give an excellent visual indication of the point of

maximum deformation as well as of the direction in which the bulge travels,

a quantitative analysis of the data seems virtually impossible. Since three-

dimensional data have been projected on a two-dimensional surface and be-

cause of the lack of a reliable system of reference coordinates, all attempts

to reduce the obtained data have been unsuccessful so far.

Furthermore, we feel that the problem of variability of skin elasticity

between individuals and also in different body areas would always limit any

objective solutions to the quantitative analysis of these records.

A literature study was conducted to obtain data of the elasticity of the

skin and subcutaneous tissues and to establish a relationship between skin

elasticity and skin deformations due to muscle contraction.

The primary difficulty in obtaining a consistent listing of the elastic

moduli of the skin and subcutaneous tissues is that of isolating the system

for study without altering it and introducing artifacts.
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SUBJECT I 2 3 4 5 6 7

MUSCLE L R L R L R L R L R L R L R

* 0.. 0@ OO 0O
PECTORALIS 0 •

TRICEPS 00 .0 0 0

BICEPS 0 OS

TERES 0 0 0 0

DELTOID 0 0 0 0 0

LATISSIMUS 0 0

ABDOMINALS * 0

* ACTIVELY ISOLATED

0 ONLY INSTRUMENTED

OBSERVATIONS OF VOLUNTARY MUSCLE CONTROL
IN SEVEN ATHLETES

FIGURE 4
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REST RIGHT TRICEP TENSE RIGHT TRICEP

TENSE RIGHT PECTORAL REST RIGHT PECTORAL

PHOTOGRAPHIC RECORDINGS OF MUSCLE BULGE DURING
CONTRACTION

FIGURE 5
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Specific methodology permits achievement of a certain amount of sta-

tistical homogeneity and makes it possible to make some fairly reliable

statements about the elasticity of the skin during deformation.

A series of investigations by Kirk and Kvorning (1949) to determine

the elastic properties of the skin and subcutaneous tissue of young and old

people showed a marked difference between the two age groups. An in-

dentation following the application of a weight on the skin, was greater in

24 young individuals (age 18 to 25 years) than in 28 older individuals (60 to

86 years), and the immediate rebound of the tissue after removal of the

weight was greater in the young group than in the old group. The results

are illustrated in Figure 6.

100

90-
z080
o
4-70
-

z 60-

z 50-
j 40-
30-

22010-
0 - 50 GRAM WEIGHT REMOVED

Ot
50 GRAM WEIGHT APPLIED YOUNG INDIVIDUALS

-- OLD INDIVIDUALS

MINUTES 0 2 3 4 i

COMPARISON OF ADAPTATION AND RESILIENCE OF SKIN AND
SUBCUTANEOUS TISSUE OF YOUNG AND OLD INDIVIDUALS

(Kirk and Kvorning )

FIGURE 6
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As may be seen from the graph of Kirk and Kvorning's results, there

is a slow flow of skin under stress. In addition to this, an inspection of their

data shows that in the young group, the parameters used for measuring skin

elasticity varied extensively between individuals. The greatest variation was

found in the primary rebound in percent of total indentation where individual

variations were on the order of from 5% to 200%. Similarly, though less

marked, individual variation is found in the older groups. The original data

are presented in Tables 1 and 2.

Olmsted, Page, and Corcoran (1951) have devised an instrument which

measures a skin elasticity coefficient on a principle similar to digital punching.

The slow flow of skin described earlier does not interfere with measurements

by this briefer procedure. Values of elasticity coefficient differ for different

sites and different age groups. These values may then be compared to normal

values at various sites for different age groups. Skin elasticity is scored in

multiples of normal values. The ratio rarely exceeds eight (Olmstead, Page

and Corcoran, 1951).

Both Kirk and Kvorning's investigations and Olmsted, Page and Corcoran's

studies indicate that utilizing skin and subcutaneous elasticity for reducing the

obtained muscle bulge records is highly impractical even though an interre-

lationship between the elasticity and the bulge does exist.

Preliminary results of the electromyographic studies on the seven

athletes during contraction of selected muscle groups in terms of signal-to-

noise ratios are shown in Tables 3, 4 and 5.

c. Electrical Stimulation of Muscle

Electrical stimulation of the muscle to be trained as a control site

presently appears to be the most promising training method. A commercially

available stimulator (Trade name: RelaxAcizor) is expected to provide a con-

venient and safe method for eliciting controlled contraction in any desired

muscle.
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TABLE 3

SIGNAL-TO-NOISE RATIOS FOR!CONTRACTION OF RIGHT PECTORALIS

Subject Right Pect. Rt. Pect. Rt. Pect.

Rt. Tric. Rt. Delt. Lt. Pect.

#5 3/1 4/1 2/1

#4 4/1 3/1 2/1

#3 2/1 1/1 - *

#2 1/1 *----

Order of Magnitude Signal From Right Pectoralis = 120p volts

*No data taken.

TABLE 4

SIGNAL-TO-NOISE RATIOS FOR CONTRACTION OF RIGHT TRICEPS

Rt. Tric. Rt. Tric.
Subject Rt. Delt. Rt. Pect.

#5 4/1 2/1

#4 3/1 5/1

#3 1/1 2/1

Order of Magnitude Signal From Right Triceps = 200M volts

TABLE 5

SIGNAL-TO-NOISE RATIOS FOR CONTRACTIONS OF RIGHT LATISSIMUS

Latissimus Latissimus Latissimus

Right Teres Right Triceps Right Biceps

Subject 6 1.5 1.5 1.5
1 1 1

Order Of Magnitude Signal From Right Latissimus = 50M volts
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These forced contractions will provide the amputee with the necessary

proprioceptive feedback or "feel" in order to gain voluntary control over the

selected control site.

Demonstration of the RelaxAcizor indicated its potential usefulness as

a training aid and an order has been placed for acquistition of a unit modified

for our requirements.

Although requested technical information has not been received to date,

a laboratory check indicated that the unit appears to be a relatively fast pulse

generator being gated at 40 pulses/min. The output voltage was observed to

be variable from zero to about 70 volts peak-to-peak and apparently capable

of going higher.

The observed waveform was approximately as illustrated:

J_ ~4 
ULSES /M IN.

Muscle contraction is elicited by placement of small flexible elect-

rodes on the skin area overlying the motor nerve which innervates the specific

muscle. During the demonstration, good local muscle contractions were

obtained in the upper trunk regions and the accompanying sensations were

quite pronounced.

d. Surgical Isolation of Muscle Activity

This phase of the program remained inactive during the past quarter.

Plans for Next Quarter

1. Completion of the evaluation of existing training methods for

functional isolation of muscle activity. Preparation of a report.
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